. They observed smaller increases in plasma K after acute potassium administration in animals kept on high-potassium or low-sodium diets for e-6 days. This adaptation was blocked by duced when animals were adrenalectomy and was reprogiven high doses of Doca for 4 days.
The present experiments were done to examine the renal contribution to tolerance. Since the changes in electrolyte balance induced by dietary pretreatment appear to affect some renal mechanism for potassium excretion, we sought to compare rates of potassium excretion in normal and potassium-adapted animals. Clearance methods were used to assess changes in potassium excretion produced by acute potassium infusions.
Free-flow micropuncture methods were used to localize the portions of the nephron in which functional changes occur.
METHODS
Male Long-Evans rats weighing 210-350 g were deprived of food 15 hr prior to the experiments but allowed free access to water. One group of animals, normal, was maintained on a diet of laboratory chow (Purina, Na = 0.20 mEq/g, K = 0.29). A second group, low K, was kept on a potassium-deficient diet (General Biochemicals no. 170550, Na = 0.17 mEq/g, K = 0) and given distilled water to drink. A third group of rats, high K, was given a highpotassium diet (Na = 0.17 mEq/g, K = 2.01). This diet was prepared by adding 15 % KC1 to the potassium-deficient diet before pelleting (General Biochemicals). The drinking water for these rats was a 0.1 M KC1 solution. These rats took approximately 20-30 mEq of potassium per day. A fourth group of rats, low Na, was given a sodium-deficient diet (General Biochemicals no. 170950, Na = 0, K = 0.25 mEq/g) and distilled water for drinking. All animals were anesthetized by intraperitoneal injection of Inactin (Promonta) 80-120 mg/kg body wt. A heated table maintained body temperature at 38 C. Surgical preparation included tracheotomy, cannulation of the external jugular veins for infusions, and cannulation of a carotid artery for monitoring blood pressure and collecting blood samples. A solution of 0.15 M NaCl and 0.275 M mannitol was infused continuously throughout the experiment at a rate of 0.08 ml/min. The left kidney was exposed by a flank incision and supported in a plastic cup. Details of the preparation of the kidney for micropuncture have been given previously (26) . For experiments in which tubule fluid was collected, the surface was bathed with warmed mineral oil. When distal electrical potential (PD) was measured, the kidney surface was covered with warmed saline. Urine was collected under oil in tared tubes from a ureteral catheter. At least 1 hr before samples were taken for clearance measurements, inulin-14C (New England Nuclear) was added to the saline-mannitol infusion. A priming dose of 50 PC was injected intravenously and enough added to the saline-mannitol solution to give a sustaining infusion of 40 ,uc/hr.
In the free-flow micropuncture experiments a control 437 period was started 90-l 00 min after beginning the salinemannitol infusion. Collections of blood and urine for clearance measurements were made in three ZO-min periods. During this hour samples of distal fluid were obtained from two to four surface tubules. Distal tubules were identified by observing the passage of lissamine green after injecting 0.05 ml of a 5 % solution intravenously.
After these control samples were obtained, infusion of a solution containing potassium was started. In 23 rats a 1 M solution of KC1 was infused at 0.025 m/min.
In 4 rats a 0.5 M solution of K&SO4 was infused at 0.05 ml,/min. Twenty minutes after starting the potassium infusion second collections of blood and urine were made in three ZO-min periods. During this hour of clearance measurements, second collections of distal fluid were obtained from the previously punctured tubules. Each distal tubule from which a pair of samples had been obtained was then injected with latex so that the location of the puncture site could be determined by microdissection. Sodium and potassium were measured in urine and plasma by flame photometry.
A dual-channel ultramicro flame photometer (16) was used to measure Na and K concentrations in samples of tubule fluid. Inulin concentrations in urine, plasma, and tubule fluid were determined by counting 14C activity. The solution for liquid scintillation counting was prepared as follows: PPO, 7 g; POPOP, 0.05 g; naphthalene, 50 g in each liter of dioxane. pH of whole blood and ureteral urine was measured immediately after collection using a capillary electrode (Radiometer, E502 1). PCO~ was measured in the same samples using a Pcoz electrode (Radiometer, E5036). Urine volume was determined by weighing. In the experiments in which distal PD was measured, control and experimental periods were of the same duration and the same infusions were given. Late distal segments were identified as those from which lissamine green disappeared last (26). Glass micropipettes filled with 3 M KC1 were used for the transepithelial PD measurements as described previously (26). days. In contrast the animals kept on the low-Na diet had higher rates of K excretion after 8-12 days than those deprived of sodium for more than 40 days. Accordingly, the animals included in the reported experiments are those kept on the high-K diet for 27-73 days and on the low-Na diet for 8-12 days. The low-K animals were kept on the K-deficient diet for 8-46 days.
Results of the clearance measurements were averaged for the three control and three potassium-infusion periods in each experiment.
Differences between means in control and experimental periods were evaluated using the t test.
Results of micropuncture measurements have been evaluated by plotting Na and K concentrations against length along the distal convolution.
Slopes of these relations were found by the method of least squares. Standard tests using the t distribution were used to determine significance of the slopes of the regression lines and to determine significance of differences between slopes.
RESULTS
Systemic effects of potassium infusions. Acute infusions of 1 M KC1 at a rate of 0.025 mmoles/min increased both plasma potassium concentration and potassium excretion in normal rats and in rats pretreated with high-or low-K diets or with a low-Na diet. Plasma and urinary K, GFR, and urine flow rates are summarized in Table  1 . The animals fed a normal diet responded to the KC1 infusion with a rapid increase in plasma K. The average increase was 6.31 + 0.90 SE mEq/liter.
Four of the seven animals died between 57 and 83 min after the infusions were started. The three other rats were alive after 2 hr when the experiment was ended. GFR declined during the KC1 infusion but urine flow increased. Urinary K increased 70 & 6 mEq/liter. In response to the acute potassium infusion the rats fed a high-K diet had a significantly (P < 0.025) smaller rise in plasma K than the animals fed a normal diet. The inNormal (7) High K The increase in plasma K in the rats fed a low-K diet was also intermediate between that of normal and high K-animals. All five of these rats were alive after 2 hr of KC1 infusion. There was no change in GFR. The increase in urine flow in the normal animals was significantly greater than the difference in the low-K anim.als (P < 0.005). The increase in urinary K of 43 =t: 11 m Eq/liter was significantly less than that in the normal rats (P < 0.005).
Two normal rats were also compared with two high-K rats before and during acute infusions of KzS04 at 0.025 mmoles/min.
The plasma and urinary K, GFR, and urine flow rates for these animals are given individually in Table  2 . The changes in plasma K, GFR, and urine flow produced by the K2S04 infusion are similar to those following KC1 infusion. The increases in urinary K were larger when sulfate was infused in both the normal and high-K animals. Again, however, the high-K animals excreted urine with a potassium concentration more than twice that of the normal rats.
Urine pH was more acid than normal in low-K rats and more alkaline than normal in high-K and low-Na rats (Table 3 ). There were no significant differences in plasma pH or plasma HCOS among any of the animals as a result of different diets. Potassium infusion reduced plasma HCOS and urine pH to the same extent in each of the groups.
Renal potassium excretion. The changes in excretion rates of potassium produced by acute infusions of KC1 are summarized in Fig. 1 . The increase in potassium excretion in the low-Na group was larger (P < 0.025) and in the low-K group was smaller (P < 0.005) than in the group fed a normal diet. The high-K rats excreted potassium at a higher than normal rate per unit of GFR, although the increase in UKV in the high-K group was not significantly Ch s ml/ min. 100 g V, PI/ mine 100 g body wt more in both high-K (P < 0.025) and low-Na (P < 0.05) body wt than in the normal animals. In the low-K rats the increase in fractional excretion was less than that of the normals c K c K ----(P < 0.025). In the rats fed a high-K diet excretion rose .692 .416 9.1 27.7
to 87 % of filtered K and in low-Na rats the excreted potas- 3.24 pEq/min 100 g body wt. In high-K rats the excretion rate increased from 0.42 to 4.87. The increase in fractional excretion was also more marked in high-K rats. In the normal animals fractional excretion increased to 148 % of filtered K and in high-K rats fractional excretion rose to 185 % of filtered K.
Distal potassium concentration. Samples of distal tubule fluid collected by free-flow micropuncture methods were analyzed for inulin, potassium, and sodium concentrations.
The results of these measurements made before and during potassium infusion are listed in Tables 4-7. In Fig. 2 the concentration of potassium during control periods is plotted against length along the distal tubule. In all four groups the concentration of K increased from values less than those of plasma at the beginning of the distal convolution to exceed plasma levels at the end. In normal, high-K and low-Na rats the (TF/P)K rose to approximately 4.0 at the end of the distal convolution.
In the low-K group the late distal K concentration was less than twice the plasma K. After potassium infusion, the concentration of K in the distal fluid increased in the normal rats and in the group pretreated with the high-K diet. In Fig. 3A the responses of Acute potassium load was KC1 in rats lo-17 and 18.
-1 6 and KgS04 in rats normal and high-K rats to KC1 infusion are compared. Since the control (TF/P)K values were similar (the slopes of the least-squares lines are not different) in the normal, high-K and low-Na groups, these data have been pooled to draw the regression line shown. Because the potassium infusion did not. increase early distal (TF/P)K in either group, the origin of the regression lines relating (TF/P)K and length remains quite fixed and differences in the slopes of the regression lines indicate increases in (TF/P)K in the late portion of the tubule. In the normal animals after acute KC1 infusion the (TF/P)K data lie close to the control line showing a small but significant increase in potassium concentration along the distal convolution. The slope of the regression line for these data is not different from the slope of the control line. A more sensitive measure of changes in distal potassium concentration is available because the fluid samples were obtained as recollection pairs. Differences in late distal (TF/P)K between control and K infusion periods were analyzed using a t test for paired data.
Averages of data selected from Tables 4-7 for all segments beyond 60 % of distal length are given in Table 8 . The average distal lengths in the high-K, low-Na and low-K groups were not significantly different from the average length of 77 % in the normal group. The late distal (TF/P)K increased in both the normal (P < 0.001) and high-K infusion (TF/P)K increased in the late distal tubule in both dietary groups but the slope relating (TF/P)K to distal length for the high-K rats is significantly steeper than the slope for the normal animals.
Distal potassium secretion. Correcting the measurements of potassium concentration of the distal tubule samples for different rates of glomerular filtration and water reabsorption reveals that K infusion increased the absolute rate of distal K secretion in each of the dietary groups. It is apparent in Table 9 that the largest increase in K secretion occurred in the rats fed a high-K diet. In Fig. 3B the quantity of potassium present in the lumen, expressed as a fraction of filtered K, is shown for normal and high-K rats before and after KC1 infusion. The control data have been pooled to draw the regression line. In both normal and high-K rats the amount of K in the late distal tubule is equal to about 30 % of the filtered potassium. After KC1 infusion the fraction of filtered potassium present in the late distal tubule of normal rats is approximately doubled (Table 8 ). In the high-K animals, however, there is a greater than threefold increase in net distal K secretion (Table 8 ). This increase is significantly (P < 0.005) larger than the increase in the normal animals. In the high-K rats the amount of potassium present at the end of the distal tubule is approximately 60 % greater than the quantity filtered In the low-Na and low-K animals distal K secretion doubled in response to the acute K load. In Slope in D is less than slope in A (P < .OOl). -(P < 0.01) rats. The increase in the high-K group was significantly (P < 0.001) larger than the increase in the normal group. Also in the high-K group the slope after K infusion is significantly steeper than the control slope. In the low-Na and low-K groups no increase in distal potassium concentration was seen. In Fig. 4A the points showing (TF/P)K d uring potassium infusion are clustered about the control lines. The slopes for the control and experimental measurements are not different in either the low-Na or the low-K groups. Also, as seen in Table 8 a significant change was not observed for average (TF/P)K in late distal segments in either the low-Na or low-K groups. The effect on distal potassium concentration of infusing K2S04 into normal and high-K rats is shown in Fig. 5A . Again the slopes for the control measurements were not different in the two groups and the control values have been pooled to calculate the regression line. After KzS04
In the low-Na group the late distal K is equal to approximatelv 60 % of the filtered K and in the low-K rats to 30 % of filtered K. Although the slopes of the control and experimental regression lines are not significantly different in either group, in both the increase in mean late distal (TF/P)K/(TF/P)In is significant (Table 8) . Transepithelial electrical potential. The PD across the wall of the distal tubule was measured in normal rats and rats fed a high-K diet. Measurements were restricted to segments near the end of the distal convolution (23). The average values for the PD measurements are shown in Table  10 . Before, and then during KC1 infusion, measurements were made in the same rat but usually in different distal segments. In the four normal rats the PD is similar to previ- Least-squares line indicates average (TF/P)K during control periods and is for pooled values from normal, high-K, and low-Na rats in Fig. 2 ously reported values (references in 23) and did not change after infusion of KCl. The average control PD in five high-K rats, however, was significantly higher than the control PD in the normal rats (P < 0.025). The PD across the distal tubule wall of high-K rats decreased during infusion of KC1 (P < 0.001).
Reabsor-tion of sodium by distal nephron. A natriuretic effect of acute potassium infusion, previously reported by others (1 l), was also seen in these experiments.
Sodium excretion was increased during KC1 infusions in rats fed normal or low-Na diets but not in rats fed a high-K diet. In the normal rats the fraction of filtered sodium excreted increased from 0.006 =t 0.003 SE to 0.022 & 0.004 (P < 0.025) and in low-Na rats fractional sodium excretion increased from 0.006 & 0.002 in control periods to 0.045 =t 0.007 during KC1 infusion (P < 0.001). This increase is significantlv greater than the increase in normal rats (P < 0.025). In high-K rats, however, fractional sodium excretion was 0.003 & 0.001 before and during KC1 infusion. This rate of sodium excretion is significantly lower than in normal rats CP < 0.0 1). These data are presented graphicallv in 443 Fig. 6 . In low-K rats the pattern of sodium excretion was not different from that in normal rats. Also shown in Fig. 6 are values for the fraction of filtered sodium remaining in the lumen at the beginning and end of the distal convolution before and during KC1 infusion, These averages were calculated by the method of least squares from the data in Tables 4-6 . Values for (TF/P)Na/ (TF/P)In and the standard error of these means were then taken from these regression lines at 20 and 80 % of distal length. The fraction of filtered Na remaining at the beginning of the distal tubule gives an indication of sodium reabsorption in the proximal tubule and the loop of Henle. The difference between the early and late distal sites is a measure of sodium reabsorption by the distal convolution. Assuming that sodium reabsorption is similar in superficial and juxtamedullary nephrons, the difference between late distal fluid and urine indicates the extent of sodium reabsorption in the collecting system. In the normal rats during control periods approximately 6 % of filtered sodium was delivered distally and about 2 % escaped reabsorption in the distal tubule. During KC1 infusion the amount of sodium escaping proximal reabsorption appears to have increased but again about 4 % of filtered sodium was reabsorbed along the distal tubule. The increase in sodium excretion appears to be due to decreased proximal reabsorption. In the rats fed a high-K diet approximately 6 % of filtered sodium was reabsorbed by the distal tubule during control periods but 11 % was reabsorbed during KC1 infusion. There appears to have been a decrease in proximal sodium reabsorption as a result of chronic potassium feeding and a further decrease due to the acute KC1 infusion. All of this increment in sodium delivered distally, however, appears to have been reabsorbed by the distal tubule. Sodium reabsorption beyond the distal tubule was not affected by potassium infusion.
The low-Na rats responded in a strikingly different way from the high-K rats. Again, acute KC1 infusion resulted in decreased sodium reabsorption at a site proximal to the distal tubule. Distal delivery was increased from 6 to 13 % of the filtered sodium. None of this increment was absorbed along the distal tubule. Thus, decreased sodium reabsorption both in a proximal site and in the distal convolution contributed to the increased final sodium excretion in response to KC1 infusion. Table 9 shows that K infusion increased the absolute rate of distal delivery of Na in each group and decreased the rate of distal Na reabsorption in the low-Na group.
DISCUSSION
Renal and extrarenal contributions to tolerance. Berliner et al. (4) showed in dogs that pretreatment with a high-K intake results in m.ore rapid than normal excretion of acutely infused potassium. In our experiments the rate of potassium infusion, calculated on the basis of weight, was 3 times that in the experiments of Berliner et al. and was chosen as rapid enough to be lethal to the majority of normal rats. All of the rats prepared with special diets, either high K, WRIGHT, STRIEDER, FOWLER, AND GIEBISCH low K, or low Na, showed tolerance to acutely infused potassium.
Compared to the normal animal's response to acute K infusion the rats fed high-K and low-Na diets tended to have smaller increases in plasma K and larger increases in potassium excretion.
During the 2nd and 3rd hours of the KC1 infusion, the normal rats were excreting potassium at approximately 40 % of the rate of infusion. The excretion rates of the high-K and low-Na rats averaged 50 and 75 % of the infusion rate. When the infused K had sulfate as its anion this difference was accentuated.
Normal rats infused with K&SO.1 excreted potassium at 80 % of the infusion rate and high-K rats given K2S04 excreted K at 155 % of the infusion rate. With this rapid infusion rate the renal contribution to potassium tolerance is variable and, as observed by Berliner et al. (4), is dependent on the anion provided with the potassium load. It is likely that increased renal excretion only partially accounts for the tolerance. The existence of some extrarenal component of adaptation has been demonstrated by Alexander and Levinsky (1). Nothing in the present studies suggests that such an extrarenal mechanism was not operating in addition to increased renal excretion.
In fact, in the animals kept on a low-K diet, the smaller than normal increase in K excretion after potassium infusion (Figs. 1 and 4) indicates that the "tolerance" seen in this group must be entirely due to extrarenal factors. Previous authors have disagreed as to whether sodium depletion makes animals more or less tolerant to acute potassium loading. Alexander and Levinsky (1) showed clearly that a low-Na diet produces adaptation in rats. However, Laragh and Capeci (14) had earlier concluded from their experiments that sodium-depleted dogs were more sensitive than normal dogs to acute potassium loads. Na-depleted dogs in their experiments had normal rates of potassium excretion but larger than normal increases in plasma K. Differences in the degree of sodium depletion probably account for this apparent contradiction.
In the Alexander and Levinsky study rats were kept on a low-Na diet for 4-6 days. Laragh and Capeci studied two degrees of Na deprivation.
"Na-restricted" dogs (10 days on low-Na diet) had increases in plasma K that were equal to or less than the increases in normal dogs. "Na-depleted" dogs (peritoneal dialysis and 7 days on low-Na diet) were hyponatremic and had higher than normal increases in plasma K after K loading.
We confirmed this difference between moderate and severe Na depletion.
In rats kept on a low-Na diet for 8-12 days plasma K increased an average of 4.5 mEq/liter after acute K infusion (Table  1) . In another group of three rats given a low-Na diet for 43-46 davs the mean increase in plasma K -was 7.3 mEq/liter and these rats died within 65-100 min of starting the K infusion.
Thus moderate Na depletion makes animals tolerant to K loading but this tolerance is lost if Na depletion continues.
Distal potassium secretion. The functional site of the renal contribution to K adaptation was sought in the micropuncture experiments.
The importance of the distal tubule to potassium excretion is known and led us to sample distal fluid. It has been established that the bulk of excreted K is derived from distal secretion (3, 16, 17) and that the distal secretory rate can be altered by changes in the metabolic state (16). The present experiments show that in K-adapted animals the dis tal nephron rapidly increases its rate of potassium secretion in response to an acute K load. Fundamentally different mechanisms, however, appear to be operating in the high-K and low--Na animals. In the rats kept on a high-K diet, potassium secretion by the distal tubule increased markedly during acute K infusion. The large increases in distal potassium concentrations and in the fraction of filtered K in the tubule fluid are seen in Figs. 3 and 5 . The amount of potassium reaching the early distal tubule was low in both normal and high-K animals and remained low during K infusion. The amount added along the distal convolution, however, increased more in the high-K than in the normal rats. In the high-K rats the potassium leaving the distal tubule during KC1 infusion was approximately 150 % of the filtered amount and during K&X)4 infusion was over 3 times the quantity filtered. It should be noted that less than this amount of secreted potassium was found in the final urine (Figs. 1, 3 , and 5). If the punctured tubules are representative of all nephrons, both superficial and juxtamedullary, then it appears that some of the potassium secreted in the distal tubule was reabsorbed along the collecting duct since the fractional excretion rates were 0.87 during KC1 and 1.48 during KzSO4 infusions in the high-K rats. In contrast to the high-K rats, in the low-Na rats both the collecting system and the distal convolution contributed to net K excretion. In the distal tubule K secretion increased only slightly more than it did in normal animals ( Fig. 4&  Table 8 ). In the low-Na rats the amount of K leaving the distal tubule during K infusion was equal to about 75 % of the filtered quantity compared to approximately 55 % of the filtered amount in the normal rats. In the normal group there was little further addition of potassium along the collecting duct (Fig. 3B) , but in the low-Na rats it appears that an additional large amount of potassium was secreted beyond the distal convolution (Fig. 4-B) . Again, in making inferences about collecting-duct function from the present data we assume that the superficial tubules sampled are representative of all the nephrons contributing to the final urine. If this assumption of homogeneity is valid, we can conclude that an amount of potassium equal to about 40 % of the filtered load is secreted by the collecting ducts of animals prepared with a low-Na diet. Average rates of filtration, excretion, and entering and leaving the distal convolution are summarized in Table 9 . Therefore, although both high-K and low-Na diets make rats tolerant to acute K loading by preventing a large increase in plasma K, the nephron sites that change their potassium secretory rates are anatomically separate. In high-K rats increased K secretion is limited to the distal convolution, whereas in low-Na rats participates i n the secretory process.
the collecting svstem
Changes in so&~m reabsorption. It has frequently been observed that acute potassium infusions increase sodium excretion as well as potassium excretion (13, 15, 25) . The mechanism of this natriuretic effect of potassium administration has not been explained.
Kahn and Bohrer (12) Figure 6 shows the fraction of filtered sodium remaining in the early distal, late distal, and the final urine. Table 9 combines the data of Fig. 6 with data for kidney GFR and plasma Na (Table 1) (Fig. 6, Table 9 ). The absence of sodium from the urine of these animals appears to be the result of distal reabsorption.
As in the normal animals acute K infusion increased the amount of sodium delivered to the distal tubule. In contrast to the normal animals, however, this increased distal load was completely reabsorbed along the distal convolution.
Finally, the largest natriuretic response was seen in the animals kept on the low-Na diet. That several days of sodium deprivation should increase sodiurn excretion seems paradoxical, but the response does suggest that these rats were not severely depleted of sodium. As with the normal and high-K rats, acute K infusion increased the amount of sodium delivered to the early distal tubule (Table 9 ). In the low-Na rats, however, little of this increased distal load was reabsorbed in the distal tubule. Fractional reabsorption along the collecting duct also appears to have been reduced, resulting in a large increase in fractional and absolute rates of sodium excretion.
Common to each of the dietary groups is the effect of acute K loading to inhibit sodium reabsorption at some proximal site, presumably either the proximal tubule or the ascending limb of Henle's loop. It is of interest in this regard that Brandis et al. (6) have recently reported experiments in which sodium reabsorption by the proximal tubule was measured directly. They found that increases in plasma K were associated with decreased proximal sodium and water reabsorption.
Our data suggest that this proximal effect of K loading is not altered by the high-K and low-Na diets. Distal sodium reabsorption, however, does seem to be affected by the dietary preparation.
In the high-K animals the rate of distal sodium reabsorption was more than doubled, whereas in the low-Na rats distal sodium distal PD did not increase during acute K infusion in either the normal or the high-K rats (Table  10 ). It is of interest, however, that distal potentials in the normal rats were clearly different from those in the high-K rats. During the control periods, before K infusion, a higher PD was measured in the high-K rats. A possible explanation of this higher transepithelial PD is that the peritubular membrane PD was higher in these animals. The peritubular membrane PD is thought to originate as a diffusion potential across a barrier highly selective for K. Since there was no change in plasma K, a higher potential across the peritubular membrane suggests that the intracellular potassium concentration was increased. Acid-base changes. Alterations in potassium balance lead to changes in acid-base metabolism.
During acute potassium loading as K enters cells it apparently replaces some hydrogen ion (1). Berliner (3) has pointed out that this shift of H out of renal tubule cells can raise urine pH by decreasing H secretion (4, 20) and lower urine pH by decreasing plasma HC03 and the filtered load of HC03. In dogs urinary pH increases during acute K loading (4), suggesting that the decline in renal cell H dominates over the fall in plasma HCO 3. The fall in urine pH during K loading in the present experiments confirms previous observations (3) that in rats the fall in plasma HC03 dominates over the decrease in cell H. K infusion reduced plasma HC03 and urine pH to about the same extent in each of the dietary groups (Table 3) .
Chronic potassium loading appears to have increased urine pH without changing plasma HC03 (Table 3) . The higher urine pH in high-K rats before acute K infusion could be due either to an increased rate of buffer excretion or to decreased H secretion. Thus chronic K loading may have suppressed H secretion. Assuming a reciprocal relation between cell concentrations of K and H, the increase in urine pH would be consistent with a sustained increase in the K content of renal cells. This interpretation can only be made tentatively, however, because the present results do not definitely establish that distal H secretion was, in fact, reduced.
In contrast, chronic potassium depletion lowered urine pH slightly (Table  3) . It is known that K depletion can lead to metabolicpotassium secretion has appeared to depend on the availability of sodium at the distal secretory site (3), other evidence indicates that there is not a tightly coupled sodium for potassium exchange mechanism in the distal tubule (2, 8, 9, 18). The possible influence of distal sodium deliverv on K secretion can be evaluated in our experiments. The estimates of sodium and potassium handling along the nephron shown in Table 9 indicate that potassium secretion in the distal tubule varied independently of changes in sodium delivery. The rates of sodium delivery to the early distal tubule were quite constant in the normal, high-K and low-Na rats. Nevertheless, K secretion varied in the three groups over a fourfold range.
In the collecting duct changes in the rates of K secretion. were always parallel to changes in rates of Na reabsorption. The rates of sodium delivery out of the distal tubule varied over a threefold range with the largest amount of Na delivered to the collecting ducts in the low-Na group. It was also in this group that the highest rate of K addition was seen. Na reabsorption between the late distal and final urine was 4.7 pEq/min, while K was secreted in this segment at a rate of 1.8 pEq/min.
It is not clear, however, whether the rate of K secretion by the collecting duct is dependent on variables such as the rate of Na reabsorption, Na delivery, Na concentration, or the volume flow rate of distal fluid. One or more of these factors might regulate K secretion but the present results do not distinguish among these possibilities. The volume flow rate of tubule fluid can affect potassium secretion since in both high-K and low-Na rats during K infusion the collecting system developed similar luminal potassium concentrations (urinary K values in Table 1 ). In the high-K animals the increased reabsorption of sodium in the distal tubule led to decreased volume flow into the collecting system. In the low-Na animals because of the paradoxical decrease in distal sodium reabsorption there was an increase in the volume flowing through the collecting system as indicated by the doubling of urine volume (Table  1) . Where a secretory epithelium is capable of establishing a given concentration gradient, increased volume flow through the system, as was observed in the low-Na rats, can be the critical factor producing increases in potassium excretion. Sodium load or sodium concentration could also alter K secretion. In these experiments the sodium concentration of distal fluid varied in the same direction as the volume delivered out of the distal tubule. The Na concentration of late distal fluid was approximately 20 mEq/liter in the high-K animals, 40 mEq/liter in normal rats, and 70 mEq/liter in rats on the low-Na diet. In the high-K rats comparison of late distal fluid and the final urine indicates net reabsorption of K along the collecting duct (Fig. 3B , Table 9 ). In the low-Na rats there was net addition of K beyond the distal tubule (Fig. 4B, Table 9 ). The higher luminal Na concentration in the low-Na rats may have favored net addition of K to the collecting duct fluid either by increasing the electrical driving force for K entry (9, 10) or by providing more sodium to exchange for potassium in an active secretory mechanism (11). In summary, development of potassium tolerance in rats is associated with an increased capacity for potassium secretion by the distal nephron. Increased K excretion appears to contribute to survival in animals made tolerant to acute K loads by feeding either high-K or low-Na diets. The mechanism underlying the enhanced capacity of the distal tubule to respond to an exogenous potassium load remains unclear. The increase in distal PD in the high-K rats and the recent observation (27) that the peritubular membrane potential is also increased in rats chronically maintained on a high-K intake lead us to assume that cell K is increased in these animals. Evidence recently obtained from flux studies in Am@hiunza (24) has been taken to indicate that the magnitude of distal K secretion is dependent on the magnitude of a readily exchangeable pool of intracellular K. The indication from PD measurements that cell K is increased in high-K rats allows the possibility that in K adaptation the K transport pool is increased. Also, flux measurements in rats (unpublished observations) suggest that peritubular K uptake, and ultimately K secretion, are critically dependent on the activity of a peritubular K pump. Apparently, in potassium adaptation, this K transport mechanism can respond to an elevation of plasma K with a faster than normal rate of K uptake. It might be that the transport kinetics of a fixed number of carriers or the total number of carrier sites could be enhanced. Either a larger transport pool or a capacity to increase rates of peritubular K uptake could lead to increases in K secretion. It remains to be seen whether changes in Na intake produce similar changes in peritubular K uptake or intracellular K, possibly mediated by aldosterone, that might account for the similar tolerance to potassium conferred by high-K and low-Na diets. 
